. So far most of the work on their in vivo formation has concentrated on the stomach as a possible site of synthesis (Sen et al., 1969; Sander et al., 1968) , as the rate ofnitrosation of dimethylamine has been shown to be maximal at about pH [3] [4] (Mirvish, 1970) . Sander (1968) demonstrated the ability of four strains of nitrate-reducing bacteria to form nitrosamines from aromatic secondary amines and nitrate at neutral pH values. A number of secondary amines, including dimethylamine, py-rrolidine and piperidine, can be detected chromatographically in human urine. It has been suggested that they may be formed by bacterial action in the intestine before renal excretion (Asatoor et al., 1967) ; for example, dimethylamine, the principal secondary amine in urine, may be partly derived from ingested lecithin or choline (Asatoor and Simenhoff, 1965) . Much of the nitrate ingested in the diet is also excreted in the urine. Thus, in the case of urinary tract infection it is possible that the two substrates may be present in the urine together with an organism that produces a nitrosating enzyme.
In this paper we describe investigations on (a) the ability of bacteria to catalyse the nitrosation of secondary amines at physiological pH values and (b) the concentrations of nitrate in normal urine and in urine from people living in an area in which the drinking water has a high nitrate content. Preliminary reports on this work have been published elsewhere (Hawksworth, 1970; Hawksworth and Hill. 1971).
MATERIALS AND METHODS

Reagents
Dimethylnitrosamine (DMN), diethylnitrosamine (DEN) and N-nitroso piperidine were obtained from Eastman Organic Chemicals. N-nitroso pyrrolidine and N-nitroso methylaniline were prepared by the action of nitrous acid on the secondary amines by the method described in Vogel's " Qualitative Organic Chemistry " and purified by fractional distillation (N-nitroso pyrrolidine at 219' C. and N-nitroso methylaniline under reduced pressure at 121' C./13 mm.Hg). Diphenylnitrosamine and the secondary amines used as substrates were obtained from British Drug Houses, Ltd.
-Bacterial strains and growth conditions All the bacteria used were isolated from the human intestiiial tract and were cultivated as described in nitrosate diphenylamine, diethylamine, dimethylamine, N-methyl aniline, piperidine and py-rrolidine; the other organisms were tested only with diphenylamine.
Isolation of nitrosaminesformed
The culture medium (500 ml.) was extracted twice with dichloromethane and the extract dried over potassium carbonate. After removal of the solvent by evaporation the residue was dissolved in acetone for thin-layer chromatography and gas chromatography.
A88ay of nitrosamines formed
(1) The nitrosamines and their parent amines were separated by thin-layer chromatography on silica gel G using the solvents described by Sander (1968) . The nitrosamines were detected by spraying with Griess-Ilosvay reagent, after photolytic splitting to release the nitrite (Preussmann et al., 1964) ; the time needed for photolysis varied from a few minutes (for diphenylnitrosamine) to 2 hours (for DMN and DEN). DMN, DEN, N-nitroso piperidine and N-nitroso pyrrolidine were also detected as fluorescent spots under u.v. light after separation in a solvent system of n-hexane : diethyl ether : dichloromethane (4 : 3 : 2) on silica gel GF254 (Merck) plates (Eisenbrand et al., 1970) .
(2) Gas chromatographic analyses were made using a Pye 104 gas chromatograph fitted with a 5 ft column packed with 6% FFAP on Porapak Q; the temperature was programmed from 100-150' (rising at a rate of 3'/min.).
(3) Infra-red spectroscopy of carbon disulphide, chloroform and carbon tetrachloride solutions of nitrosamines purified by TLC were obtained using a Unicam SPI200 spectrophotometer. Spectra of nitrosamines produced by bacteria were compated with those of authentic samples of nitrosamines.
(4) Quantitative determinations of the nitrosamines were carried out by analysis of 1 ml. aliquots of the broth culture, or extract, in 0-25% sulphosalicylic acid, using a differential cathode ray polarograph (Southern Analytical, type A1660). (Oxoid) and allowed unlimited amounts of distilled drinking water.
RESULTS
Nitrosamineformation
Of the ten strains of Escherichia coli tested five were able to form nitrosamines when incubated aerobically with the secondary amines diphenylamine, dimethyl amine, diethylamine, piperidine, pyrrolidine and N-methyl aniline. Nitrosamines were also formed by strains of E. coli when glucose was omitted from the incubation mixture; in this case the pH of the medium did not fall below 6-5, so that the reaction could not be due to acid catalysis. The amount of nitrosamine formed increased as the basicity of the parent amine decreased (Table 11) The production of diphenylnitrosamine and N-nitroso piperidine was confirmed by infra-red spectroscopy. (The former had a characteristic peak at 3420 nm. in carbon disulphide whilst the latter had characteristic peaks at 950, 980 and 1290 nm in chloroform). N-nitroso piperidine was further confirmed by gas chromatography. The identity of the nitrosamine formed from one of the more basic amines, diethylamine, was confirmed from the IR spectrum in carbon tetrachloride, which was identical to that of the authentic compound and differed from that of the amine by the absence of peaks at 2790 nm. and 2870 nm.
Using a strain of E. coli, EB424, no nitrosamine was formed in 18 hours from 12 mm diphenylamine if the nitrate concentration was below 12 mm. The nitrosation of the amine was maximal when the amine concentration was 0-3 mm (Fig. 1) /tmoles/ml. and five of the specimens had more than 5-0 /tmoles/ml. (Fig. 2 and 3) Of the nitrosamines formed by bacteria in this study, DMN has been shown to cause tumours in the liver, kidney and lung of the rat when given orally, DEN to cause tumours in the liver, kidney and oesophagus and N-nitroso piperidine produced tumours in the liver and oesophagus when given to rats in the drinking water (Magee and Barnes, 1967) . Thus the site of action of these carcinogens is not necessarily linked to the site of entry and, similarly, if nitrosamines were produced in the body they would not necessarily produce tumours at the site of synthesis. Di-n-butyl nitrosamine, when injected subcutaneously, produced oesophagal, liver and urinary bladder tumours in the rat and the nitrosamine was found as the hydroxylated glucuronide in the urine (Druckrey et al., 1967 
